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Preface 


In  November  1976,  the  Office,  Chief  of  Engineers,  U,  S.  Army  (OCE) , 
funded  the  Computer-Aided  Structural  Engineering  (CASE)  Project  to  examine 
evaluate,  and  propose  steps  to  overcome  problems  in  computer-aided  struc¬ 
tural  engineering  throughout  the  Corps  and  to  coordinate  and  guide  long¬ 
term  computer-aided  design  efforts  on  a  Corps-wide  basis.  As  part  of 
this  effort,  several  technical  task  groups  were  established  to  coordinate 
program  development  in  specific  areas  of  computer  applications.  The  CASE 
Task  Group  on  Bridges  was  one  of  the  first  six  task  groups  formed  for  this 
purpose . 

The  primary  function  of  the  CASE  Task  Group  on  Bridges  has  been  to 
compile  a  list  of  bridge  computer  programs  presently  in  use  and  to  eval¬ 
uate  and  select  the  most  appropriate  ones  for  Corps-wide  use.  This  report 
is  a  summary  of  the  results  of  the  program  evaluations  and  contains  the 
recommendations  and  conclusions  of  the  Task  Group. 

Subsequent  to  the  start  of  the  CASE  Project,  the  National  Coopera¬ 
tive  Highway  Research  Program  (NCHRP)  funded  a  comprehensive  survey  study 
on  available  highway  bridge  programs  and  recommendations  for  developing 
an  integrated  bridge  design  program.  The  U.  S.  Army  Engineer  Waterways 
Experiment  Station  (WES)  awarded  a  contract  to  Dr.  David  R.  Schelling  of 
the  University  of  Maryland,  who  was  one  of  the  investigators  in  the  NCHRP 
study,  to  summarize  the  study  findings,  j^report  prepared  by  Dr.  Schel¬ 
ling  has  been  published  by  WES  under  separate  cover  as  a  companion  to 
this  report^)  The  appendices  to  Dr.  Schelling 's  report  contain  raw  survey 
data  and  are  available  from  the  CASE  Project  Manager,  Dr.  N.  Radhakrishnan 
Special  Technical  Assistant,  Automatic  Data  Processing  (ADP)  Center,  WES. 

The  following  were  members  of  the  Task  Group  on  Bridges; 

William  E.  Galyean,  Huntington  District  (Chairman) 

Richard  M.  Chun,  Pacific  Ocean  Division 
James  Gibson,  Mobile  District 
Gregory  Griffith,  Wilmington  District 
Arthur  T.  Shak,  Pacific  Ocean  Division 

Mr.  William  D.  Ashton,  formerly  with  the  Rock  Island  District,  served  as 

the  first  Chairman  of  the  Task  Group.  Messrs.  David  Shaw  and  Carlton  E. 

Smith,  St.  Louis  District,  were  also  members  of  the  Task  Group  during 
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the  survey  preparation  and  evaluation  phases  of  the  work. 

Mr.  Donald  R.  Dressier,  Structures  Branch,  Civil  Works  Directorate, 
was  OCR's  point  of  contact.  Dr.  Radhakrlshnan,  as  CASE  Project  Manager, 
coordinated  and  monitored  the  work.  Messrs.  Paul  K.  Senter  and  H.  Wayne 
Jones,  Computer-Aided  Design  Group,  ADP  Center,  WES,  converted  all  the 
programs  to  the  WES,  Macon,  and  Boeing  computers  and  supported  the  Task 
Group  in  the  preparation  of  this  report,  ^r .  Galye^  compiled  this  re- 
port  fi^.  tb.e  Taek  Groups  Mr.  D.  L.  Neumann  was  Chief  of  the  ADP  Center, 
WES,  during  the  study  and  the  preparation  of  the  report. 

Directors  of  WES  during  this  period  were  COL  J.  L.  Cannon,  CE,  and 
COL  N.  P.  Conover,  CE.  Technical  Director  was  Mr.  F.  R.  Brown. 
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Conversion  Factors.  U.  S.  Customary  to  Metric  (SI) 


Units  of  Measurement 


U.  S.  customary  units  of  measurement  used  in  this 
to  metric  (SI)  as  follows: 


Multipl 


foot-kips  (force) 

Inches 

kips  (1000  lb  force) 
kips  (force)  per  square  inch 
miles  (U.  S.  statute)  per  hour 
pounds  (force)  per  foot 
pounds  (force)  per  square  inch 
tons  (2000  lb  mass) 


0.3048 

1.355818 


4.448222 

6.894757 

1.609344 

14.5939 

6.894757 

907.18474 


report  can  be  converted 

To  Obtain 


metres 

me  t  re-kilonewtons 
centimetres 
kilonewtons 
megapascals 
kilometres  per  hour 
newtons  per  metre 
kllopascals 
kilograms 


EVALUATION  OF  COMPUTER  PROGRAI-IS  FOR  THE  DESIGN/ANALYSIS 
OF  HIGHWAY  AND  RAILWAY  BRIDGES 


Purpose 

1.  The  purpose  of  this  report  is  to  recommend  computer  programs 
for  Corps-wide  applications  in  the  design/analysis  of  highway  and  rail¬ 
way  bridges.  Since  bridge  programs  cover  a  wide  range  of  capabilities, 
only  those  programs  that  are  likely  to  address  applications  which  are 
expected  to  have  wide  use  are  covered.  It  is  not  justified  to  utilize 
computer  storage  space  for  programs  which  are  infrequently  used.  Also, 
such  programs  will  require  maintenance.  In  most  instsinces,  alternate 
programs  which  can  solve  these  problems  are  available. 

Types  of  Programs 

2.  Bridge  programs  in  this  report  are  divided  into  two  broad 
classifications,  highway  and  railway.  For  evaluation,  each  classifica¬ 
tion  in  turn  is  divided  into  several  areas  of  application.  Programs 
recommended  for  Corps-wide  application  are  based  on  need  in  each  area  of 
application.  Each  Corps  office  was  contacted  to  determine  its  needs 
and  preferences. 


Evaluation 


3.  The  primary  function  of  the  CASE  Task  Group  on  Bridges  was  to 

compile  a  list  of  bridge  programs  presently  in  use  by  Corps  designers 

and  the  state  highway  departments  and  to  evaluate  and  select  the  most 

appropriate  ones  for  Corps-wide  use.  The  programs  were  evaluated  based 

on  the  following  considerations: 

a.  Corps  designers  should  be  familiar  with  use  of  the  program. 

Highway  programs  should  be  acceptable  to  the  various  State 
Departments  of  Transportation. 


£.  Highvay  programs  should  conform  to  AASHTO  (Americein  Asso¬ 
ciation  of  State  Highway  and  Transportation  Officials) 
specifications . 

Railway  programs  should  be  acceptable  to  the  various 
railroad  companies. 

Railway  programs  should  conform  to  AREA  (American  Railroad 
Engineering  Association)  specifications. 


Scope  of  Report 

It.  This  report  describes  four  highway  and  three  railway  computer 
programs  selected  by  the  Task  Group  and  lists  their  capabilities  and 
limitations.  Example  computer  r\ms  for  each  of  the  programs  are  included 
in  Appendix  A.  Documentation  of  these  programs  may  be  obtained  from  the 
Engineering  Computer  Programs  Library  (ECPL)  of  the  U.  S.  Army  Engineer 
Waterways  Experiment  Station  (WES),  Vicksburg,  Miss.  This  report  refers 
to  a  more  comprehensive  survey  and  recommendations  made  in  a  project 
funded  by  the  National  Cooperative  Highway  Research  Program  (NCHRP).  The 
NCHRP  project  findings  are  published  separately  in  another  WES  report 
("Survey  of  Bridge-Oriented  Design  Software,"  Technical  Report  K-80-1, 

Jan  1980,  by  David  R.  Schelling). 

Programs  Selected 


General 

5.  The  Task  Group,  based  on  a  wide  search  that  included  queries  to 
all  field  offices,  selected  four  highway  and  three  railway  computer  pro¬ 
grams  as  best  suited  to  meet  the  Corps’  needs.  One  highway  program  was 
selected  that  also  can  be  used  for  railway-type  structures.  The  highway 
programs  were  recommended  by  the  Highway  Engineers  Exchange  Program 
(HEEP)  and  are  used  by  many  states.  (KEEP  has  plans  to  develop  an  inte¬ 
grated  bridge  design  program  for  highway  bridge  design.)  The  railway 
programs  were  developed  by  the  Association  of  American  Railroads  Research 
Center  (AARRC).  These  programs  are  acceptable  to  the  various  railroad 
companies.  The  applications  of  each  program  are  indicated  in  Table  1, 


6 


Table  1 

Programs  and  Applications 


Classification 

Program 

Highway 

Railway 

Application 

BRHPSG 

X 

X 

Prestressed  concrete 

BRHCBA 

X 

Continuous  beam  analysis 
(composite  or  noncomposite) 

BRHMCP 

X 

Multiple  column  pier  analysis 

BRHGEO 

X 

Geometric  solution  of  highway 
bridges 

BRRPLG 

X 

Analysis  and  rating  of  plate 
girders  and  beams 

BRRTRU 

X 

Analysis  of  trusses 

BRRTRR 

X 

Rating  of  trusses 

and  their  salient  features  are  described  below.  These  programs  are  not 
intended  to  cover  nonstandard  highway  or  railway  loadings  consisting  of 
special  wheel  loads.  For  such  applications  of  unusual  loads,  programs 
"INFORD"  and  "WTRAIII"  are  available  as  part  of  the  CORPS  (Conversation¬ 
ally  Oriented  Real-Time  Program-Generating  ^stem)  library  maintained 
by  WES  on  the  WES,  Macon,  and  Boeing  computers. 

BRHPSG  (Analysis 
and  Design  of  Simple 
Span  Precast-Prestressed 
Highway  or  Railway  Bridges) 

6.  This  computer  program  was  developed  by  the  Portland  Cement  Asso¬ 
ciation  for  the  analysis  and  design  of  simple  span,  composite  and  non¬ 
composite,  precast-prestressed  highway  or  railway  bridges.  The  program 
is  based  on  conventional  design  procedures  and  on  appropriate  sections 
of  the  19TT  AASHTO  specifications  and  I968  AREA  specifications.  The 
program  is  limited  to  the  analysis  and  design  of  simple  span,  precast- 
prestressed  highway  or  railway  bridges.  It  will  accommodate  any  section 
for  which  section  properties  are  known  and  can  be  adequately  described 
by  the  input  variables.  This  program  is  now  part  of  the  CORPS  library 
at  WES.  The  timesharing  version  provides  the  user  with  a  free  field 
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read  format  and  an  interactive  question/response  option  for  inputting 
data.  The  program  calculates  section  properties  for  single  or  double¬ 
cell  box  beams.  The  standard  AASHTO  loadings  are  used  for  highway 
bridges.  Coopers  "E"  loading  is  used  for  railway  bridges. 

7.  Some  capabilities  of  the  program  are  summarized  below: 

a.  Section  properties  for  standard  precast  sections. 

b.  Dead  and  live  load  shears  and  moments. 

c^.  Stresses  for  various  loading  conditions. 

d.  Ultimate  design  (load  factor)  moments  and  resisting  moments. 
Spacing  of  shear  reinforcement. 

f^.  Horizontal  shear  stress  between  composite  slabs  and  precast 
members. 

£.  Midspan  elastic  deflections  for  various  loading  conditions. 

li.  Number  and  center  of  gravity  of  prestressing  strands 
required. 

Other  capabilities  are  fully  described  in  the  User's  Manual. 

BRHCBA  (Analysis  of  Con- 
tinuous  Beams  for  Highway  Bridges ) 

8.  This  program  was  developed  by  the  Georgia  Department  of  Trans¬ 
portation  for  the  analysis  of  continuous  beams  for  highway  bridges. 

Data  are  input  from  a  free  field  previously  saved  data  file. 

9.  The  program  performs  the  complete  analysis  of  a  continuous  beam 
for  a  highway  bridge  and  reports  the  moments,  stresses,  shears,  reac¬ 
tions,  deflections,  and  shear  connector  spacings  produced  by  the  dead 
loads  and  the  standard  highway  live  loads  (including  the  special  mili¬ 
tary  loading  and  the  sidewalk  live  load)  defined  by  the  AASHTO  "Standard 
Specifications  for  Highway  Bridges"  (1969,  1970  interims,  and  1971). 

10.  The  beam  may  be  of  concrete,  steel,  or  composite  concrete-steel 
construction.  The  number  of  spans  may  vary  from  two  to  eight,  with  any 
combination  of  lengths.  The  program  recognizes  practically  any  type  of 
variation  of  the  cross  section.  All  possible  live  loading  conditions 
are  considered  to  insure  that  a  maximum  is  obtained  for  each  value  under 
consideration. 

11.  The  input  information  required  for  solution  consists  basically 
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of  the  loads  to  be  considered,  the  properties  of  the  material,  and  the 
actual  dimensions  of  the  beam  to  be  analyzed.  The  program  will  perform 
the  following  operations  during  each  computer  run: 

a.  Compute  physical  properties  of  the  cross  section  along  the 
beam. 

b.  Compute  elastic  properties  of  the  beam,  such  as  stiffness 
and  carry-over  factors,  etc. 

c_.  Solve  for  dead  load  moments,  stresses,  shears,  etc. 

Develop  influence  lines  for  moments,  shears,  etc. 

Place  live  loads  as  required  to  select  maximum  moments, 
shears,  reactions,  etc. 

£.  Compute  maximum  actual  stresses  and  allowable  fatigue 
stresses. 

£.  Compute  dead  load  deflections  and  maximxmfi  live  load 
deflections. 

12.  The  program  has  the  following  limitations; 

a.  Intermediate  hinges  are  not  permitted. 

It  will  not  analyze  a  beam  that  acts  as  a  frame  with  the 
substructure. 

c_.  Load  factor  design  is  not  provided  for. 

d.  Certain  fatigue  stresses  are  not  in  accordance  with  the 
1977  AASHTO  specifications. 

13.  The  output  data  contain  a  listing  of  input  data  fully  edited 
with  headings  for  ease  in  reading  and  interpreting.  If  an  error  is 
detected  by  the  program,  processing  is  terminated  and  an  "Error  Message" 
is  printed.  Output  is  processed  to  a  output  file.  This  file  in  turn 
can  be  listed  by  either  a  remote  terminal  or  a  high-speed  printer. 

BRHMCP  (Analysis  of  Multiple 
Column  Piers  for  Highway  Bridges) 

li*.  This  computer  program  was  developed  by  the  Georgia  Department 
of  Transportation  for  the  analysis  and  design  of  substructures  for 
highway  bridges.  Data  are  input  from  a  free  field  previously  saved  data 
file. 

15.  The  program  combines  the  effects  of  the  various  loads  that  are 
applied  to  the  pier  according  to  the  AASHTO  specifications  to  determine 
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the  critical  loading  conditions.  The  program  performs  the  following 
functions : 


a.  Computes  the  moments,  shears,  and  reactions  in  the  top  and 
"bottom  of  each  column. 

b.  Computes  a  moment  envelope  of  the  cap  with  reinforcing 
steel  requirements,  maximum  shear  with  stirrup  spacings, 
and  the  maximum  concrete  stresses  in  the  cap. 

c^.  Computes  the  concrete  and  reinforcing  steel  stresses  in 
the  top  and  bottom  of  each  column. 

Designs  or  analyzes  a  spread  footing. 

16.  The  program  has  the  following  limitations: 

a.  Single  column  piers  cannot  be  handled  by  the  program. 

b.  Load  factor  design  required  by  the  197T  AASHTO  specifica¬ 
tions  is  not  provided  for. 

In  order  to  obtain  a  load  factor  design  of  pier  columns,  output  for 
critical  load  conditions  can  be  used  in  input  for  program  "PCAUC.” 
Program  "PCAUC"  furnishes  a  load  factor  design.  It  is  part  of  the  WES 
on-line  computer  programs  library  (WESLIB)  available  on  the  WES  and 
Macon  computers. 

17.  The  output  data  contain  a  listing  of  input  data  fully  edited 
with  headings  for  ease  in  reading  and  interpreting.  If  an  error  is 
detected  by  the  program,  processing  is  terminated  and  an  "Error  Message" 
is  printed.  Output  is  processed  to  a  output  file.  This  file  in  turn 
can  be  listed  by  either  a  remote  terminal  or  a  high-speed  printer. 

BRHGEO  (Geometric 
Solution  of  Highway  Bridges) 

18.  This  computer  program  was  developed  by  the  Georgia  Department 
of  Transportation  for  the  geometric  solution  of  highway  bridges.  It  is 
more  commonly  referred  to  as  the  skewed  bridge  program.  Data  are  input 
from  a  free  field  previously  saved  data  file. 

19.  The  purpose  of  this  program  is  to  solve  the  geometries  that 
are  required  in  the  design,  detailing,  and  construction  of  highway 
bridges.  The  program  solves  the  geometries  by  intersecting  a  series  of 
longitudinal  lines  that  run  basically  parallel  to  the  bridge  with  a 
series  of  transverse  lines  that  lie  basically  across  the  bridge.  The 


computed  data  (including  the  finished  grade  elevation)  at  each  inter¬ 
section  point  are  reported  as  the  output  data. 

20.  The  bridge  may  be  located  in  one,  two,  or  three  combinations 
of  horizontal  curves  and  tangents.  The  survey  line  cannot  be  a  spiral 
for  the  piirpose  of  computing  stations.  Vertical  alignment  is  limited 
to  two  vertical  curves  with  corresponding  tangents.  The  maximum  number 
of  longitudinal  lines  is  30,  and.  the  maximum  number  of  transverse  lines 
is  20  per  span  with  no  limitation  on  the  number  of  spans. 

21.  The  program  will  handle  the  following  types  of  longitudinal 
lines : 

a.  Chord. 

b.  Arc. 

c_.  Railing. 

d.  Parallel . 

Parallel  through  intersect  ahead. 

f.  Parallel  through  intersect  back. 

£.  Curve  offset . 

li.  Straight  taper. 

Curve  taper. 

j_.  Coordinate. 

22.  Transverse  lines  are  used  to  represent  most  any  type  of  trans¬ 
verse  line  in  addition  to  the  bent  lines.  The  following  are  most  often 
used  and  can  be  at  any  angle: 

a.  Center-line  bearings. 

b .  Diaphragms . 

£.  Substructure  lines . 

Construction  joints. 

£.  Span  division  lines. 

Road  underneath  lines. 

23.  The  output  data  contain  a  listing  of  the  input  data  fully 
edited  with  numerous  headings  for  ease  in  interpretation.  Output  is 
processed  to  an  output  file.  This  file  in  turn  can  be  listed  by  either 
a  remote  terminal  or  a  high-speed  printer. 
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BRRPLG  (Analysis  and  Rating 


2k.  This  program  was  developed  by  the  Association  of  American  Rail 
roads  Technical  Center  for  the  design  and  rating  of  single  span  plate 
girder  railway  bridges.  It  was  written  in  accordance  with  the  1969  AREA 
specifications  and  updated  in  1975.  The  girders  may  be  deck  or  through 
and  may  be  ballasted.  Data  are  input  from  a  free  field  previously  saved 
data  file. 

25.  Seven  common  types  of  girder  cross  sections  are  considered. 
Each  may  have  cover  plates  both  top  and  bottom.  Loads  include  a  total 
uniform  dead  load  for  girder  weight,  track  weight,  and  other  dead  loads, 
various  live  loads,  impact,  and  wind.  For  rating  purposes,  the  girders 
are  analyzed  for  a  Cooper  E80  load.  For  analysis  the  following  live 
loads  may  be  considered: 

Type  1 — Special  box  cars  preceded  and  followed  by  loaded 
or  unloaded  50-ton*  box  cars. 

b.  Type  lA— Special  box  cars  preceded  and  followed  by  any  box 
cars  in  a  train, 

c_.  Type  2— An  entire  train  of  special  cars. 

Type  3 — Cooper  E  loading. 

Type  1+ — Any  general  system  of  moving  loads. 

£.  Type  5 — Locomotive  units  followed  by  a  train  of  loaded 
50-ton  cars. 

Type  5A — Locomotive  units  followed  by  a  train  of  any 
specified  cars. 

The  computer  output  includes  a  listing  of  member  sections  used  and  a 
listing  of  dead  load  shears  and  moments.  If  the  girder  is  to  be  rated, 
moments,  shears,  and  stresses  are  output  for  an  E80  loading.  Train 
speeds  of  10,  20,  30,  and  1*0  mph  are  rated.  If  the  girder  is  to  be 
analyzed,  the  live  load  moments,  shears,  and  stresses  are  output. 


*  A  table  of  factors  for  converting  U,  S.  customary  units  of  measure¬ 
ment  to  metric  (Sl)  units  is  presented  on  page  I4. 


BRRTRU  (Analysis  of 


26.  This  program  was  developed  by  the  Association  of  American 
Railroads  Technical  Center  for  use  in  the  design  of  railway  truss 
bridges.  It  was  written  in  accordance  with  the  1970  AREA  specifications 
Trusses  may  be  of  any  configuration,  simply  supported,  continuous  over 
several  supports,  internally  indeterminate,  or  contain  counter  diagonals 
Data  are  input  from  a  free  field  previously  saved  data  file. 

27.  Maximum  bar  forces  and  reactions  are  computed  for  trusses 
subject  to  stationary  or  moving  loads.  The  following  live  loads  can  be 
used: 

a.  Type  1 — Special  car  preceded  and  followed  by  standard 

box  cars. 

b.  Type  2 — An  entire  train  of  special  cars. 

£.  Type  3 — Cooper  E  Loading. 

Type  U — Any  general  system  of  moving  loads. 

£.  Type  5 — Locomotive  units  followed  by  loaded  box  cars. 

28.  The  program  has  the  following  limitations: 

a.  Maximum  span  is  60O  ft  for  type  3  loading. 

b.  Maximm  span  is  1000  ft  for  other  loadings. 

£.  Maximum  nimiber  of  joints  is  50. 

Maxiraxom  number  of  members  is  100. 

£.  Maximimi  number  of  panels  is  25. 

Maximum  number  of  panels  with  counters  is  10. 

Certain  restrictions  are  applied  on  trusses  containing  counters  such  as 
subdivided  trusses,  etc. 

29.  The  computer  output  includes  a  listing  of  member  sections  with 
maxim\xm  axial  loads  due  to  dead,  live,  impact,  and  reversal  for  each 
member . 


BRRTRR  (Rating  of 


30.  This  program  was  developed  by  the  Association  of  American 
Railroads  Technical  Center  for  use  in  computing  the  Cooper  Rating  of 
each  bar  in  trusses  of  any  configuration.  This  program  is  a  companion 
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program  to  the  truss  analysis  program  (BRRTRU).  All  rating  is  in  accor¬ 
dance  with  the  1975  AREA  specifications,  except  that  lateral  forces  are 
not  included.  Data  are  input  from  a  free  field  previously  saved  data 
file. 

31.  The  program  has  the  following  limitations: 

a.  Maximvim  span  is  600  ft. 

b.  No  compression  member  may  have  a  slenderness  ratio  (L/r) 
greater  than  200. 

£.  Other  limitations  are  the  same  as  in  the  truss  analysis 
program  ( BRRTRU ). 

32.  The  computer  output  includes  a  listing  of  member  sections  with 
total  capacity  and  Cooper  Ratings  for  each  member. 

The  NCHRP  Pro.lect 

33.  In  1978 »  the  NCHRP  awarded  a  contract  to  Multisystems,  Incor¬ 
porated,  of  Cambridge,  Mass.,  to  survey  computer  programs  available  in 
the  field  for  various  components  of  bridge  design  and  to  recommend  the 
rationale  and  mechanics  for  developing  an  integrated  bridge  design  pro¬ 
gram.  Dr.  David  R.  Schelling  of  the  Department  of  Civil  Engineering, 
University  of  Maryland,  who  participated  in  this  study,  prepared  under 
contract  to  WES  a  summary  of  the  findings  of  this  project.  A  summary  of 
this  report  is  included  below.  The  appendices  cited  in  his  report  con¬ 
tain  raw  data  from  the  extensive  surveys  made  in  the  evaluations;  they 
are  available  for  loan  or  inspection  from  the  CASE  Project  Manager  at  WES. 

3I*.  The  program  recommended  by  the  CASE  Task  Group  on  Bridges  for 
geometry  and  pier  design  is  also  recommended  by  the  NCHRP  study.  While 
the  Task  Group  recommended  the  Georgia  Department  of  Transportation  pro¬ 
gram  (BRHCBA)  for  superstructure  design,  the  NCHRP  study  recommended  the 
Maryland,  Texas,  California,  or  Wyoming  Department  of  Transportation  pro¬ 
grams.  The  Maryland  program,  which  appears  to  be  the  most  comprehensive 
and  promising,  will  be  available  in  a  production  mode  in  late  1979- 

35*  The  objective  of  the  initial  phase  of  the  NCHRP  study  was  to 
survey  and  review  available  bridge-oriented  application  software.  The 

lU 
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study  included  comprehensive  evaluation  of  current  practice  and  computer 
programs  relating  to  the  design  of  bridge  and  bridge-related  structures. 

As  a  result  of  the  study,  a  classified  inventory  of  bridge  design  soft¬ 
ware  was  compiled  which  can  be  used  for  general  reference.  In  order  to 
accomplish  this,  two  steps  were  involved.  The  first  otep  was  the  col¬ 
lection  (through  a  first  mailing)  of  the  application  software  documen¬ 
tation,  its  evaluation,  and  the  utilization  of  the  findings  in  estab¬ 
lishing  fundamental  selection  criteria.  The  second  step  was  to  design 
a  questionnaire  containing  fundamental  selection  criteria  in  the  form  of 
a  set  of  design  features  and  to  have  the  questionnaire  evaluated  by  the 
user.  In  addition  to  the  bridge  analysis  and  design  features,  the  ques¬ 
tionnaire  also  included  queries  concerning  the  system  software  and  or¬ 
ganizational  data. 

36.  The  areas  of  interest  were  broken  down  into  superstructure, 
geometry,  substructiires ,  piles,  and  system. 

37.  In  the  area  of  superstructure,  documentation  was  received  for 
109  bridge  superstructure  programs  in  response  to  the  initial  mailing. 

The  programs  were  evaluated  using  I80  feature  requirements.  The  status 
(mandatory,  desired,  etc.)  of  each  of  the  features  was  determined  from 
the  responses  to  the  questionnaire.  Five  programs  were  selected  for  an 
in-depth  review  in  Phase  II,  using  criteria  based  on  overall  rating  and 
generality,  documentation,  modularity,  and  current  status.  The  programs 
selected  for  further  study  were: 

a.  The  Maryland  SHA  Bridge  Design,  Rating  and  Routing  System, 
by  the  Maryland  State  Highway  Administration,  Department 
of  Transportation. 

b.  Design  of  Prestressed  Concrete  Girders,  by  the  Texas  State 
Department  of  Highway  and  Public  Transportation. 

c_.  Analysis  of  Prestressed  Concrete  Box  Girder  Bridges 

(GIRDER  PC),  by  the  California  Department  of  Transportation. 

Bridge  Rating  and  Analysis  of  Structural  Systems  (BRASS), 
by  the  Wyoming  State  Highway  Department. 

£.  Design  of  Reinforced  Concrete  Box  Girder  Bridges,  by  the 
California  Department  of  Transportation. 

38.  In  the  geometry  area,  doc\unentation  was  received  for  25  bridge 
geometry  programs  in  response  to  the  initial  mailing.  The  progrEims  were 
evaluated  using  36  feature  requirements.  The  status  of  each  of  the 
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features  was  determined  from  the  responses  to  the  questionnaire.  Two 
programs  were  selected  for  an  in-depth  review  in  Phase  II,  using 
criteria  based  on  overall  rating  and  generality,  documentation,  modu¬ 
larity,  and  current  status.  The  programs  selected  for  further  study 
were: 

a.  Geometry  Solution  of  Highway  Bridges,  by  the  Georgia 
Department  of  Transi>ortation. 

b.  BELEV,  by  the  Kentucky  Department  of  Transportation. 

39*  In  the  area  of  substructures,  documentation  for  1+5  computer 
programs  was  received  in  response  to  the  initial  mailing.  The  programs 
were  evaluated  using  ll+6  feature  requirements.  The  status  of  each  of 
the  features  was  again  determined  from  the  questionnaire  responses. 

None  of  the  programs  were  found  to  adequately  satisfy  the  criteria  based 
on  generality,  documentation,  modularity,  1977  code  requirements,  and 
current  status.  However,  three  of  the  programs  were  selected  for  review 
in  order  to  satisfy  the  less  stringent  criteria  as  stated  in  the  origi¬ 
nal  proposal  requirements  for  functional  modules.  The  three  programs 
selected  for  an  in-depth  review  were: 

a.  Pier  Design,  by  the  Michigan  Department  of  Transportation. 

b.  Analysis  of  Multiple  Col+omn  Piers  for  Highway  Bridges,  by 
the  Georgia  Department  of  Transportation. 

£.  Pier  Design  for  Bridges,  by  Century  Engineering,  Inc. 

1*0.  In  the  area  of  pile  group  foundations,  documentation  for  only 
nine  computer  programs  was  received  as  a  result  of  the  request  made  in 
the  initial  mailing.  The  programs  were  evaluated  using  80  feature  re¬ 
quirements,  and  the  status  of  each  of  the  features  was  again  determined 
from  the  questionnaire  responses.  Pour  out  of  nine  programs  rated  above 
average,  and  two  of  the  four  programs  wer'-  selected  for  a  more  detailed 
review  in  Phase  II.  Neither  of  these  two  programs  utilizes  the  flexure 
formula,  and  both  of  them  employ  the  very  general  stiffness  matrix  analy¬ 
sis  technique.  The  programs  selected  for  further  study  were: 

a.  Analysis  of  Pile  Group  Fovindations ,  by  the  Maryland  State 
Highway  Administration,  Department  of  Transportation. 

b.  Analysis  of  Pile  Group  Footings,  by  the  State  of  Maine, 
Department  of  Transportation. 
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Listing  of  Information  File;  BRIDGE 


READY 

*LIST 

IOC 

20C 

30C 

40C 

50C 

60C 

70C 

80C 

90C 

lOOC 

HOC 

HOC 

130C 

140C 

150C 

160C 

170C 

180C 

190C 

200C 

210C 

220C 

230C 

240C 

250C 

260C 

27  OC 

280C 

290C 

300C 

310C 

320C 

330C 

340C 

350C 

360C 

370C 


LIST 

INFORMATION  FILE :  BRIDGE 

THIS  INFORMATION  FILE  CONTAINS  THE  NAMES  OF  COMPUTER  PROGRAMS 
RECOMMENDED  BY  THE  CASE  COMMITTEE  FOR  USE  IN  DESIGN  OF 
HIGHWAY  AND  BRIDGES. 

EACH  PROGRAM  IS  APPLICABLE  FOR  THE  APPLICATIONS  CONTAINED 
IN  THE  FOLLOWING  SCHEDULE: 

***************************************************************** 


PROGRAM 

NAME 


CLASSIFICATION  APPLICATION 
HIGHWAY  RAILWAY 


***************************************************************** 


BRHPSG 

BRHCBA 

BRHMCP 

BRHGEO 

BRRPLG 

BRRTRU 

BRRTRR 


X 

X 

X 

X 


X 

X 


PRESTRESSED  CONCRETE 

CONTINUOUS  BEAM  ANALYSIS 
COMPOSITE  OR  NON-COMPOSITE 

MULTIPLE  COLUMN  PIER  ANALYSIS 

GEOMETRIC  SOLUTION  OF 
HIGHWAY  BRIDGES 

ANALYSIS  AND  RATING  OF  PLATE 
GIRDERS  AND  BEAMS 

ANALYSIS  OF  TRUSSES 

RATING  OF  TRUSSES 


****************************************************************** 


FOR  DOCUMENTATION  OF  ANY  OF  THE  ABOVE  PROGRAMS 
CONTACT;  WAYNE  JONES,  COMPUTER  ANALYSIS  BR.  WES 
FTS:  542-3758  OR  601-636-43111  EXT  3758 


ready 

* 
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SAMPLE  PRESTRESSED  CONCRETE 


COMPOSITE  HIGHWAY  BRIDGE  FOR  BRHPSG — WITH  AASHTO  GIRDERS 


LOADING  HS20-44 

SPAN  »  140  ft  center-to-center  bearings 

CONCRETE  STRENGTH: 

Girders  at  release  fcl  =  4000  psl 
Girders  at  28  days  f'c  =  5000  psl 
Composite  slab  fa  -  3000  psl 

E  COMPOSITE  SLAB  ^  g  80 
E  GIRDER 


A3 


*r[;n  brhpsg 


wr 


IS  DATA  TO  BE  INPUT  FROM 
EXISTING  FILE(Y  OR  N)  ? 

■Y 

NOTE#  TO  RETURN  TO  PREVIOUS  QUESTION  ENTER  THE 
LETTER  R  AS  A  QUESTION  RESPONSE. 


ENTER  NAME  OF  INPUT  FILE 
(MAX.  8  CHAR.) 

■FIG3 

10  SAMPLE  PROBLEM  N0.  1  -  TYPE  VI  AASHTO  GIRDER  ORIGINAL 


ASECT 

s 

1036.000IN++2 

SECTI 

M 

733400. 003IN**4 

YT 

= 

35.580IN 

TB 

m 

36.420IN 

VJTS 

s 

42.000IN 

BB 

s 

8.030IN 

SB 

m 

20137. 287IN**3 

ST 

s 

20612. 704IN+*3 

WCS 

M 

75.000IN 

TCS 

= 

7.000IN 

XNCS 

S 

0.800IN 

ACMP 

3K 

1506.0O0IN++2 

CMPI 

• 

1197669. 859IN**4 

YTC 

S 

24.681IN 

YBC 

« 

47.319IN 

YTSC 

S 

31.681IN 

STC 

s 

48525. 602IN**3 

SBC 

B 

25310. 653IN**3 

STSC 

s 

37803. 809IN++3 

QTSC 

s 

11836. 102IN**3 

I 


MAX  LL+I  MOMENT 
LL+I  SHEAR  AT  1/4  PT 
LL+I  SHEAR  AT  1/3  PT 
LL+I  REACTION 


1516. 9FT  KIPS 
34.1KIPS 
33.2KIPS 
47.9KIPS 


STRESSES  IN  EXTREME  FIBERS  DUE  TO  EXTERNAL  LOADS  -  KIPS  PER  SQ.IN. 


NSEC 

- 

1 

2 

3 

DIST 

- 

0.500L 

0.250L 

0.  L 

0. 

] 

BEAN  WT 

TOP 

- 

1.614 

1.210 

0. 

0. 

BOTTOM 

- 

-1.652 

-1.239 

0. 

0. 

SDL 

TOP 

- 

0.669 

0.502 

0. 

0. 

BOTTOM 

- 

-0.685 

-0.514 

0. 

0. 

CDL 

TOP 

- 

0. 

0. 

0. 

0. 

BOTTOM 

- 

0. 

0. 

0. 

0. 

LL 

TOP 

• 

0.375 

0.288 

0. 

0. 

BOTTOM 

- 

-0.719 

-0.552 

0. 

0. 

TOTAL 

TOP 

- 

2.658 

2.000 

0. 

0. 

BOTTOM 

- 

-3.056 

-2.334 

0. 

0. 

A5 


21.370  IN 


COMPOSITE  STRESS  IN  SLAB  «  0.482  KIPS  PER  SQ.IN. 

MINIMUM  STRANDS  »  49.462  YM  *  5.400  IN.  '  YE  = 


STRESSES  DUE  TO  EXTERNAL  LOADS  AND  PRESTRESS  -  KIPS 'PER  SQ.  IN. 


NSEC  - 

1 

2 

3 

4 

DIST  - 

0.S00L 

0.250L 

0.  L 

0. 

INITIAL  PRESTRESS 
TOP- 

-0.777 

-0.548 

0.254 

0.254 

BOTTOM 

3.274 

3.039 

2.219 

2.219 

BEAM  WT  + 

INITIAL  PRESTRESS 
TOP- 

0.837 

0.662 

0.254 

0.254 

BOTTOM 

1.622 

1.801 

2.219 

2.219 

BEAM  WT  +  SDL  + 
FINAL  PRESTRESS 
TOP- 

1.602 

1.232 

0.222 

0.222 

BOTTOM 

0.529 

0.908 

1.942 

1.942 

ALL  LOADS 

FINAL  PRESTRESS 
TOP- 

1.978 

1.520 

0.222 

0.222 

BOTTOM 

-0.190 

0.356 

1.942 

1,942 

ULTIMATE  MOMENT  REQUIRED  =  8384.  FT. KIPS 


DEPTH  OF  COMP  BLOCK  MORE  THAN  TCS+  TTS,  UMP  CALC  APPROXIMATE 
FOR  FCPC  «  3.000  PSI  AND  50.  STRANDS 
ULTIMATE  MOMENT  PROVIDED  »  10986.  FT. KIPS 


CASB«  1 


NO.  OF  STRANDS  - 

58. 

YM-  5 

.400 

YE* 

NSEC  - 

1 

2 

3 

4 

DIST  - 

o.seaL 

0.250L 

3.  L 

0. 

INITIAL  PRESTRESS 

TOP- 

-0.785 

-3.554 

3.256 

0.256 

BOTTOM 

3.339 

3.073 

2.243 

2.243 

BEAM  WT  + 

INITIAL  PRESTRESS 

TOP- 

3.828 

3.656 

0.255 

3.256 

BOTTOM 

1.658 

1.834 

2.24  3 

2.243 

BEAM  WT  +  SDL  + 

FINAL  PRESTRESS 

TOP- 

1.595 

1.227 

0.224 

3.224 

BOTTOM 

0.563 

0.937 

1.963 

1.963 

ALL  LOADS  + 

FINAL  PRESTRESS 

TOP- 

1.970 

1.515 

3.224 

9.224 

BOTTOM 

-0.159 

0.385 

1.963 

1.963 

DEPTH  OF  COMP  BLOCK  MORE  THAN 

TCS+TTS, 

UMP  CALC  APPROX 

ULTIMATE  MOMENT  REQUIRED  ■ 

8384. 

FT. KIPS 

ULTIMATE  MOMENT  PROVIDED  » 

10986. 

FT. KIPS 

AT  1/4  PT, REQUIRED 

STIRRUP  SPACING  • 

31.03  IN. 

AT  1/3  PT, REQUIRED 

STIRRUP  SPACING  - 

31.00  IN. 

DL+LL+I  REACTION  PER  BEAM  « 

159.90 

KIPS 

ULT  SHEAR  STRESS  BETVIEEN  SLAB 

AND  BEAM 

AT  REACTION 

•  K 

DEFLECTIONS 

BEAM  WEIGHT  +  PRESTRESS  «  -1.457  IN. 

TOTAL  DEAD  LOAD  +  PRESTRESS  ■  0.538  IN. 

LIVE  LOAD  +  IMPACT  -  1.039  IN. 

IS  JOB  COMPLETED?  Y  OR  N 
■Y 

* 


AT 


Example  Problem  for  BRHCBA 


* 
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82-104-82  COMPOSITE  CONTINUOUS  UNITCv^rwtfH  CfS.) 
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Hi 

A 

i 

ec 

UJ 


(0 

(t 


u 

5 
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V) 

UJ 


«•  . 

in 

40 

<6 

X 

OJ 

• 

•* 

H 

> 

w 

X 

H 

o 

o 
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W 

d 

o 
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oi 
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M 

ki 

>. 

4J 


X 
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o 

(M 

M 

X 

■ 
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41 
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>• 

u 


41 

h 


O 
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INPUT  DATA  FILE 


/ 


•OLD  DATACBA5 

READY 

•LIST 

11  •B01EX.5  EXAMPLE  NO. 5  82-104-82  COMPOSITE  CONTINUOUS  UNIT  HP  WITH  COVER  PLATE 

12  •  NOT  AN  ACTUAL  DESIGN  -  FOR  CASE  PROJECT  -  TASK  GROUP  BRIDGES 

13  lEXAHPLE  NO.53HS20003  S5S  300  49302900  65000  23850 


14 

2 

08000 

15 

31 

82417  2 

2  4  3 

4 

1 

16 

400 

59917 

82417 

17 

401W36X135W36X194 

18 

431 

65417 

82417 

19 

432 

0000 

10500 

20 
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Example  Problem  for  BRHMCP 

This  example  la  for  Illustrative  purposes  only  and  does  not  represent  an 
actual  deaign.  It  Is  a  rather  simple  example;  yet,  it  Is  also  typical 
of  most  piers.  First  the  pier  description  and  loads  are  given  or  assumed. 
The  input  requirements  are  shown  on  the  input  data  forms  on  page  A24. 

The  output  data  in  reduced  acale  ia  given  on  pages  A26-A29.  Finally,  a 
commentary  is  given  following  the  output  data.  The  following  page  con¬ 
tains  a  sketch  of  the  pier. 


Given  Data 

Column  and  cap  members  have  a  conatant  moment  of  inertia. 

Columns  are  assumed  fixed  at  bottom. 

Footings  are  spread  with  a  5'-0''  X  5'-0"  X  2'-0"  minimum  size. 

Soil  bearing  capacity  is  8.0  kips  per  square  foot. 

Use  3"  increments  in  footing  design  and  limit  either  width  to  a  maximum 
of  1^  times  the  other  width. 

Soil  weighs  120  pounds  per  cubic  foot. 

A  column  stress  analysis  and  footing  design  are  desired. 

Centroid  of  superstructure  area  ia  6'-0''  above  center  line  of  cap. 

For  Group  II  Wind,  Group  III  Wind,  and  Wind  on  Live  Load  use  0°  and  60° 
wind  skew  angles. 

Expansion  coefficient  equals  3.0  X  10'^. 

Shrinkage  coefficient  equals  4.4  X  10*^. 

Wind  on  substructure  (equivalent  at  center  line  of  cap)  is  2.424  kips 
in  transverse  direction,  and  8.360  kips  in  longitudinal  direction. 
Longitudinal  Force  (Traction)  is  4.9  kips  (one  lane). 

Centrifugal  and  Friction  forces  are  not  applicable. 

Dead  load  from  superstructure  and  live  load  cases  are  given  on  following 
page. 

Live  load  Impact  is  20%. 

Lengths  for  Wind  on  Live  Load  are  100.0  (transverse)  and  200.0  (longitudinal) 
feet. 

Location  of  Wind  on  Live  Load  and  Traction  is  11.500  feet  above  center  line 
of  cap. 


Live  Load  0110  10.0  SO.O  50.0  10.0 
Live  Load  1010  45.0  25.0  40.0  10. 0 
Live  Load  0101  10.0  40.0  25.0  45.0 
Live  Load  010  0.0  30.0  30.0  0.0 


INPUT  DATA  FILE 


*0L0  DATAMCP 

READY 

*LIST 

100  *EX.l  EXAMPLE  PIER  PROBLEM  NO.  1  TWO  COLUMN  PIER 
110  122  5  15  0  02000  -  POR  CASE  PROJECT  -  TASK  GROUP  BRIDGES 

120  21  01  20000  3000  3000  2000000002156  44205 

130  22  1 

143  31001  95001530  2500  3000  1509  8090  7590 

150  321 

160  4101  24000  4000  3300  550013900 

170  510  5900  5000  2090  0250  0259  0250  1500  1500  8930  2003  0120 
180  521 

190  61  5000  1000050  01719 

200  6259  01719  109  03438 

210  63  4900  1150011500 

220  7100D.L. 100000100000100000100000 
230  81  21001  45000  15000  15000  45000 

249  81  20110  10300  50000  50000  10000 

250  81  21010  45000  25000  40090  10000 

260  81  20101  10000  40000  25000  45000 

270  81  1010  0000  30000  30000  0000 


6009  6000  2424  8360 
1003  2090 
39900  44900 


ready 


tRUN  tRHHCP 


y 


/ 


THE  ANALYSIS  OF  NULTIPLC  COLUHN  PIERS  FOR  HIGHUAV  SRIOGES 
DEVELOPED  tV  THE  GEORGIA  DEPARTflENT  OF  TRANSPORTATION 


INPUT  NANE  OF  DATA  FILE.  -  DATANCP 

INPUT  NANE  OF  OUTPUT  FILE  Cl>8  CHARACTERS)  OR 

GIVE  CARRIAGE  RETURN  IF  OUTPUT  IS  TO  CONE  TO  TERHINAL.  -  OUTNCP 
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Example  Problem  for  BRHGEO 


Bxupl«  1  shova  a  two-apan  brldca  loeatad  In  a  3°  curve.  The  four  beana 
of  each  apaa  are  placed  pazallel  to  a  centerline  chord  of  that  apan,  and  the 
beaaa  in  the  adjacent  apana  aaet  at  a  comon  point  (concentric  arc  Interaection) 
at  the  centerline  of  Bent  2.  Benta  1  and  3  i^re  parallel  to  Bent  2  and  located 
by  the  known  nonal  dlatancea  froa  Bent  2. 

The  Station  of  Bent  2  will  be  choaen  aa  the  Reference  Point  Station. 

Benta  are  placed  parallel  to  the  Y-axia  by  uaing  a  Reference  Angle  of  72°.  The 
Limiting  Stationa  are  arbitrarily  choaen  aa  19'*00  and  21-K>0.  The  roadway  aur- 
face  la  at  a  conataat  rate  of  auperelevatlon.  The  curb  facea  and  sldewalka 
are  aet  up  aa  lanea  of  auperelevatlon.  Thia  requirea  that  alx  lanea  of  super* 
elevation  be  defined.  Ae  Vertical  Curve  Bata  and  dimenaiona  for  defining  the 
lanea  of  auperelevatlon  are  given  in  the  aketch  along  with  the  auperelevatlon 
rates. 

Tvo  sets  of  Longitudinal  Lines  are  defined  in  the  problem.  The  beams  of 
Span  1  are  defined  as  PIA,  and  the  beans  of  Span  2  are  defined  as  PIB.  Note 
that  the  centerline  chord  and  bean  lines  are  from  the  centerline  of  Bent  2  to 
the  B.F.P.R.  (Back  Pbee  hving  Rest)  line  of  the  end  bents.  The  centerlines 
of  the  laillngs  are  defined  for  the  purpose  of  computing  lengths  for  rail  spac- 
ings.  In  addition,  the  finished  grade  elevations  at  the  Intersection  of  the 
railing  lines  with  the  bents  will  be  given.  Since  the  centerline  chord  and 
gutter  lines  are  used  only  as  reference  lines  in  this  problem,  these  lines  are 
coded  to  be  skipped  in  the  output  data. 

The  centerline-of •bearings  and  diaphragms  are  set  up  as  T-Llnes  in  each 
span.  The  diaphragms  of  Span  1  are  located  at  the  one -third  points  of  the 
centerline  chord.  The  positions  of  the  diaphragms  in  Span  2  are  detailed  in 
the  sketch.  The  ccnterllne-of-bearlngs  in  Span  1  are  defined  as  "CONS/BIST" 

T- Lines.  In  Span  2  the  centerline-of -bearings  are  defined  as  "PARI/DIST" 

T- Lines.  Note  that  in  many  Inatances  a  T-Idne  can  be  defined  by  several  com¬ 
binations  of  T-Line  Codes. 

The  purpose  of  thia  problem,  in  addition  to  the  ones  already  stated,  is 
to  compute  the  following  data. 

1.  Finished  grade  elevations  at  centcrllne-of-bearinga. 

2.  Lengths  of  beams  and  diaphragms. 

3«  Fcsitlon  of  dla^ragms  along  each  beam. 

U.  Distance  between  beams  along  bent  lines. 


The  centerline-of-bearings  are  located  6  inches  from  the 
centerline  of  Bent  2  and  l'-6"  from  the  B.F.P.R.  of  the 

end  bents,  elong  the  beaas. 

Olephregu  are  perpendicular  to  besns. 


CROSS  SBCnoH 


. . 


INPUT  DATA  FILE 


•OLD  DATGEOMl 

READY 

•LIST 


1  •EX.l  BRIDGE  GEOMETRY  -  EXAMPLE  PROBLEM  HUMBER  1 

2  •fOR  CASE  PROJECT  -  TASK  GROUP  BRIDGES 

3  1  190B0B00  21000000  20000000  72000000 

4  2  3000000 

5  3  18000000 


6  4  7200000 

1500000 

7  5  -16.5, 

-140833  10. ,-14., 

10. ,10. ,14. ,10.,  140833  165000 

a  6COHST 

-02500-120.0 

06000  06000120.00  02500 

9  701RLG  8 

25000 

LT.  RAILING 

10  702PIA  9 

120000 

BEAM  A 

11  703PIA  9 

40000 

BEAM  B 

12  704ARC 

00000 

CENTERLINE 

13  705PIA  9 

-40000 

BEAN  C 

14  706PIA  9 

-120000 

BEAM  D 

15  707RLG10 

-25000 

RT.  RAILING 

16  70aARC 

140000 

ILT.  GUTTER 

17  709CRO 

00000 

ICENTERLIHE  CHORD 

18  710ARC 

-140000 

IRT.  GUTTER 

19  711EMD 

20  8SPAN  1  4  FIRST  SPAN  OF  TWO  SPAN  BRIDGE 

21  Bl  IPARL  20000000  1800000  -600000BFPR  BT.  1 

22  A  2PREV  20000000  CL.  BT.  2 

23  T0ICONSOISTB  1S000  CL.  BRGS.  BT.ll  1  1 

24  T02ANGLPROPB  03333  9  9000000  DIAPHRAGM  1-1  1  1  1 

25  T03ANGLPROPB  06067  9  9000000  DIAPHRAGM  2-11  1  1 


26 

T04CONSO1STA 

-05000 

CL.BRGS.BT.2BK1  1  1 

27 

701RLG  8 

25000 

LT.  RAILING 

28 

702PIB  9 

120000 

BEAM  A 

29 

703PIB  9 

40000 

BEAM  B 

30 

704ARC 

00000 

CENTERLINE 

31 

705PIB  9 

-40000 

BEAM  C 

32 

706PIB  9 

120000 

BEAM  D 

33 

707RLG10 

-25000 

RT.  RAILING 

34 

708ARC 

140000 

ILT.  GUTTER 

35 

709CRD 

00000 

ICENTERLINE  CHORD 

36 

710ARC 

140000 

IRT.  GUTTER 

37 

711CND 

38 

8$ PAN  2  4 

LAST  SECOND  SPAN  OF  TWO 

SPAN 

BRIDGE 

39 

B  SAME 

40 

A1  3PREV 

650000BFPR 

BT.  3 

41 

T01PARLDISTB 

05000 

9 

CL.BBGS.BT.2AHl  1  1 

42 

T02ANGLOISTB 

255000 

2 

9000000 

DIAPHRAGM  1-21  1  1 

43 

T03ANGLOISTA 

-265000 

6 

9000000 

DIAPHRAGM  2-21  1  1 

44 

T04PARLOISTA 

-15000 

9 

CL. BRGS.  BT.  31  1  1 

45 

9 

YES 


I 


5 


ready 


* 


SRUN  BRHGEO 


THE  GEOHETRIC  SOLUTION  OF  HIGHUAV  BRIDGES 
DEUELOPED  BV  THE  GEORGIA  DEPARTNENT  OF  TRANSPORTATION 


INPUT  NANE  OF  DATA  FILE.  •  DATl^ONl 

INPUT  NANE  OF  OUTPUT  FILE  (1-8  CHARACTERS)  OR 

GIVE  CARRIAGE  RETURN  IF  OUTPUT  IS  TO  CONE  TO  TERNINAL.  •  OUTGEON 

S 
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SAMPLE  PROBLEM  -  55.00  FT.  GIRDER  -  CASE  TASK  GROUP  BRIDGES 
GIRDER  ANALYSIS 

DECK  PLATE  GIRDER  55.08  FT  SPAN 

C-C  GIRDERS  6.50  0.500  AXLE  LOAD  TO  EACH  GIRDER 

UNIFORM  DEAD  LOAD  0.812  KIPS/FT 

DIESEL  LOCOMOTIVE 

UNBALLASTED  DECK 

1969  AREA  SPECIFICATIONS 


LOADING  E  80.0 


SECTION  PROPERTIES 


SECTION  I  TYPE  1  0.  FT  FROM  LEFT  SUPPORT 

WEB  PLATE  56.000  X  0.500 
TOP  ANGLES  8.000  X  8.000  X  0.625 

BOTTOM  ANGLES  8.000  X  8.000  X  0.625 

BACK-BACK  ANGLES  54.500 
TOP  PLATES 
20.000  X  0.625 

OPEN  HOLES 

TOP  FLANGE  2.5  1.000  IN.  O.H. 

BOT  FLANGE  2.0  1.000  IN.  O.H. 

WEB  12.0  O.H. 
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1 .000 

1  .000 

1  .000 

1  .000 

1  .000 

SIZE 

1  .000 

1  .000 

1 .000 

1  .000 

1  .000 

SPACE 

J.OOO 

6 . 500 

5.750 

3.000 

3.000 

3.000 

6.000 

SPACE 

3.000 

3.000 

3.000 

5.750 

6 . 500 

CENTROID 


22.829 


12/06/79 


FILE 


0UTR5 


12!  55 


PAGE 


GROSS  MOMENT  OF  INERTIA  38851.81  SECTION  MODULUS  1655.63 

NET  MOMENT  OF  INERTIA  32856.97  SECTION  MODULUS  1037.46 

RADIUS  OF  GYRATION  OF  COMP  AREA  ABOUT  WEAK  AXIS  3.90 


SECTION  2  TYPE  1  5.67  FT  FROM  LEFT  SUPPORT 

WEB  PLATE  54.000  X  0.500 
TOP  ANGLES  8.000  X  8.000  X  0.625 

BOTTOM  ANGLES  8.000  X  8.000  X  0.62S 
BACK-BACK  ANGLES  54.500 
TOP  PLATES 
20.000  X  0.625 

OPEN  HOLES 

TOP  FLANGE  2.5  1.000  IN.  O.H. 

BOT  FLANGE  2.0  1.000  IN.  O.H. 

WEB  2.0  O.H. 

SIZE  1.000  1.000 

SPACE  3.000  51.500 

CENTROID  22.829 

GROSS  MOMENT  OF  INERTIA  38831.81  SECTION  MODULUS  1655.63 

NET  MOMENT  OF  INERTIA  33222,95  SECTION  MODULUS  1049.02 

RADIUS  OF  GYRATION  OF  COMP  AREA  ABOUT  WEAK  AXIS  3.90 


SECTION  3  TYPE  I  9.50  FT  FROM  LEFT  SUPPORT 

WEB  PLATE  54.000  X  0.500 
TOP  ANGLES  8.000  X  8.000  X  0.625 

BOTTOM  ANGLES  8.000  X  8.000  X  0.625 

BACK-BACK  ANGLES  54.500 
TOP  PLATES 
20.000  X  0.625 

BOTTOM  PLATES 
20.000  X  0.625 

OPEN  HOLES 

TOP  FLANGE  2.5  1.000  IN.  O.H. 

BOT  FLANGE  2.0  1.000  IN.  O.H. 


AU5 


12/06/’79 


FILE 


0UTR5 


12:35 


UEB  2.0  0 . H . 

SIZE  1.000  1.000 

SPACE  3.000  51.500 

CENTROID  27.250 

GROSS  MOMENT  OF  INERTIA  49851.40  SECTION  MODULUS  1788.39 

NET  MOMENT  OF  INERTIA  43118.58  SECTION  MODULUS  1546.85 

RADIUS  OF  GYRATION  OF  COMP  AREA  ABOUT  WEAK  AXIS  3.80 


SECTION  4  TYPE  1  14.00  FT  FROM  LEFT  SUPPORT 

UEB  PLATE  54.000  X  0.500 
TOP  ANGLES  8.000  X  8.000  X  0.625 

BOTTOM  ANGLES  8.000  X  8.000  X  0.625 
BACK-BACK  ANGLES  54.500 
TOP  PLATES 
20.000  X  0.625 
20.000  X  0.500 

BOTTOM  PLATES 
20.000  X  0.625 
20.000  X  0 . 500 


OPEN  HOLES 

TOP  FLANGE  2.5  1.000  IN. 
BOT  FLANGE  2.0  1.000  IN. 
WEB  2.0  O.H. 

SIZE  1.000  1.000 

SPACE  3.000  51.500 


O.H. 
O.H  . 


CENTROID  27.250 


GROSS  MOMENT  OF  INERTIA  65601.89  SECTION  MODULUS  2311.96 

NET  MOMENT  OF  INERTIA  57097.19  SECTION  MODULUS  2012.24 


RADIUS  OF  GYRATION  OF  COMP  AREA  ABOUT  WEAK  AXIS  4.23 


SECTION  5  TYPE  1  27.54  FT  FROM  L^^FT  SUPPORT 

WEB  PLATE  54.000  X  0.500 
TOP  ANGLES  8.000  X  8.000  X  0.625 

BOTTOM  ANGLES  8.000  X  8.000  X  0.625 


AU6 
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BACK-BACK  ANGLES  54.500 
TOP  PLATES 
20.000  X  0.625 
20.000  X  0.500 
20.000  X  0.500 

BOTTOM  PLATES 
20 . 000  X  0.625 
20.000  X  0.500 
20.000  X  0.500 

OPEN  HOLES 

TOP  FLANGE  2.5  1.000  IN.  O.H. 

BOT  flange  3.0  1.000  IN.  O.H. 

UEB  12.0  O.H. 

SIZE  1.000  1.000  1.000  1.000  1.000  1.000  1.000 

SIZE  1.000  1.000  1.000  1.000  1.000 

SPACE  3.000  6.500  5.750  3.000  3.000  3.000  6.000 

SPACE  3.000  3.000  3.000  5.750  6.500 

CENTROID  27.250 

GROSS  MOMENT  OF  INERTIA  81918.64  SECTION  MODULUS  2837.01 

NET  MOMENT  OF  INERTIA  69987.20  SECTION  MODULUS  2423.80 

RADIUS  OF  GYRATION  OF  COMP  AREA  ABOUT  WEAK  AXIS  4.50 
1  ASSOCIATION  OF  AMERICAN  RAILROADS  TECHNICAL  CENTER 

CHICAGO, ILLINOIS 
REVISED  DEC. 1975 

SAMPLE  PROBLEM  -  55.00  FT.  GIRDER  -  CASE  TASK  GROUP  BRIDGES 
GIRDER  ANALYSIS 

DECK  PLATE  GIRDER  55.08  FT  SPAN 

C-C  GIRDERS  6.50  0.500  AXLE  LOAD  TO  EACH  GIRDER 

UNIFORM  DEAD  LOAD  0.812  KIPS/FT 

DIESEL  LOCOMOTIVE 

UNBALLASTED  DECK 

1969  AREA  SPECIFICATIONS 


DEAD  LOAD  VALUES 


UNIFORM  DEAD  LOAD  0.81  KIPS  PER  FT  (EACH  GIRDER) 


12/06/79 


FILE 


0UTR5 


12:35 


DIST  FROM 

DEAD 

DEAD 

LEFT  SUPPORT 

MOMENT 

SHEAR 

PANEL 

POINT 

(  FT  ) 

(FT-KIPS) 

(KIPS) 

(FT) 

1 

0  . 

0  . 

22  . 

0  . 

2 

5 .67 

114. 

18. 

0  . 

3 

9.50 

176. 

15. 

0  . 

4 

14.00 

233. 

11  . 

0  . 

5 

27.54 

308. 

0. 

0. 

LIVE  LOAD 
(NO  IMPACT) 

DIST  FROM 

POSITIVE 

NEGATIVE 

GROSS 

POINT 

LEFT  SUPPORT 

MOMENT  SHEAR 

SHEAR 

I 

(FT) 

(FT-KIPS)  (KIPS) 

(KIPS) 

(  IN-4 

MODULUS 

COMP 

NET 

MODULUS 

TEN 

WE:^ 

UEB 

(COMP) 

STRESS 

I 

(TEN) 

STRESS  area 

SHEAR 

(IN-3) 

(KSI  ) 

(IN-4) 

( lN-3) 

(  KSI  ) 

1  IN-2  ) 

(KSI 

1 

0  . 

0  . 

185. 

0  . 

38832. 

1656  . 

0. 

32857. 

1037. 

0  . 

27.00 

6.87 

2 

5.67 

881  . 

155. 

-2. 

38832. 

1656  . 

6  .  38 

33223. 

1049. 

10.07 

27.00 

5.75 

3 

9 . 50 

1  333. 

136. 

-5. 

49851  . 

1788. 

8 . 94 

43119. 

1547. 

10.34 

27.00 

5.03 

4 

14.00 

1756  . 

113. 

_ 

10  . 

65602  . 

2312  . 

9.11 

57097. 

2012. 

10.47 

27.00 

4.17 

5 

27.54 

2239  . 

53. 

_ 

53. 

81919. 

2837  . 

9.47 

69987. 

2424  . 

11.08 

27.00 

1  .96 

1  ASSOCIATION  OF  AMERICAN  RAILROADS  TECHNICAL  CENTER 

CHICAGO, ILLINOIS 
REVISED  DEC. 1975 

SAMPLE  PROBLEM  -  55.00  FT.  GIRDER  -  CASE  TASK  GROUP  BRIDGES 
GIRDER  ANALYSIS 

DECK  PLATE  GIRDER  55.08  FT  SPAN 

C-C  GIRDERS  6.50  0.500  AXLE  LOAD  TO  EACH  GIRDER 


All  3 


/ 


ia/06/79  FILE  -  0UTR5  12:55  PAGE 


UNIFORM  DEAD  LOAD  0.812  KIPS/FT 

DIESEL  LOCOMOTIVE 

UNBALLASTED  DECK 

1969  AREA  SPECIFICATIONS 


TOTALS 

DIST  FROM  DEAD  LIVE  TOTAL 

POINT  LEFT  SUPPORT  MOMENT  MOMENT  IMPACT  MOMENT 

(FT)  (FT-KIPS)  (FT-KIPS)  (FT-KIPS)  (FT-KIPS) 


DEAD 

LIVE 

TOTAL 

COMP 

TEN 

SHEAR 

SHEAR  SHEAR 

IMPACT 

SHEAR 

STRESS 

STRESS 

STRESS 

(KIPS)  (KIPS) 

(KIPS) 

(KIPS) 

(KSI ) 

(KSI  ) 

(  KSI  ) 

1 

0  . 

0  . 

0. 

0  . 

0  . 

22. 

185. 

92. 

300. 

0. 

0. 

11.11 

2 

5.67 

114. 

881 . 

438. 

1432. 

IS. 

155. 

77. 

250. 

10.38 

16.38 

9 .27 

3 

9 . 50 

176. 

1333. 

662. 

2171. 

15. 

136. 

67. 

218. 

14.57 

16.84 

8.07 

A 

lA.OO 

233. 

1756. 

873. 

2862. 

11  . 

113. 

56. 

179. 

14.86 

17.07 

6.65 

5 

27. 5A 

308. 

2239. 

1113. 

3659, 

0. 

55. 

26  . 

79. 

15.48 

18.12 

2.93 

AU9 


Example  Problem  for  BRRTRU 


A50 


CENTER-TO-CENTER  TRUSSES  =  19.5  ft 
SINGLE  TRACK 
STEAM  IMPACT 

HANGERS  AT  L2U2,  L^U^ 

For  Tvoe  Four  LoadlnKs: 


INPUT  DATA  FILE 


*LIST  0ATR2 
10  4 

20  SAMPLE  ANALYSIS  PROBLEM  -  120  FT.  TRUSS  -  CASE  TASK  GROUP  BRIDGES 
30  8  13  0 

40  120. 

50  1  2  0.  0  L0L1  0 

60  2  3  0.  0  L1L2  0 

70  3  4  0.  0  L2L3  0 

80  4  5  0.  0  L3L4  0 

90  1  6  0.  0  L0U1  0 

100  670.  0  L1U2  0 

110  780.  0  U2U3  0 

120  850.  0  U3L4  0 

130  260.  1  LlUl  0 

140  3  7  0.  1  L2U2  0 

150  4  8  0.  1  L3U3  0 

160  3  6  0.  0  01L2  0 

170  380.  0  L2U3  9 

180  1  0.  0. 

190  2  30.0  0. 

200  3  60.0  0. 

210  4  90.0  0. 

220  5  120.  0. 

230  6  30.0  38.0 

240  7  60.0  40.0 

250  8  90.0  30.0 

260  3 

270  1  1 

280  1  2 

290  5  2 

300  8 

310  1  2  10.0 

320  2  2  20.0 

330  3  2  30.0 

340  4  2  40.0 

350  5  2  50.0 

360  6  2  60.0 

370  7  2  70.0 

380  8  2  80.0 

390  1  5  4 

400  100.  18.0 

410  200.  20.0 

420  300.  10.0 

430  400.  0. 

440  30.0 

450  0  1  1  19.5  0.  0.  0 

ready 


A52 


/ 


*RUN  BRRTRU 


IS  DATA  TO  BE  INPUT  FROM 
EXISTING  FILE(Y  OR  N)  ? 

=y 


NOTE#  TO  RETURN  TO  PREVIOUS  QUESTION  ENTER  THE 
LETTER  R  AS  A  QUESTION  RESPONCE. 

ENTER  NAME  OF  INPUT  FILE 
(MAX.  8  CHAR.) 

=DATR2 


I 


•f 


I 
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SMIPLE  M)M.YSIS  PROBLEH  -  120  ft.  TRUSS  -  CASE  TASK  GROUP  BRIDGE 


TRUSS  IS  STATICALLY  DETERMINATE 


DEAD  LOAD 
JOINT  LOAD 

1  -10.000  y 

2  -20.000  Y 

3  -30.000  Y 

4  -40.000  y 

5  -50.000  Y 

6  -60.000  Y 

7  -70.000  Y 

8  -80.000  Y 


A5^ 


ASSOCIATIOH  OP  AMERICAN  RAILROADS  RBSEARC 


H  CENTER 

SAMPLE  ANALYSIS  PROBLEM  >  128  FT.  TRUSS  •  CASE  TASK  GROUP  BRIDGE 


LOADING  IS  TYPE  FOUR 

ONLY  INPUT  LOADS  CONSIDERED 
LOADED  CHORD  1  S 


1 

2 

3 

4 


LOAD 

188.0000 

200.0000 

380.0000 

400.0000 


SPACING 

18.0000 

20.0000 

10.0000 

0. 


THROUGH  TRUSS 

SINGLE  TRACK 

STEAM  LOADING 

1967  AREA  SPECIFICATIONS 

C-C  TRUSSES  19.500 


FORCES  IN  KIPS,  LENGTHS  IN  FT,  AREAS  IN  SQ.  INCHES 


MEMBER 

REV 

LENGTH 

AREA 

DEAD  LOAD 

LIVE  LOAD 

IMPACT 

TOTAL 

1 

2 

30.00 

L0L1 

1.00 

140. 

318. 

151. 

609. 

2 

3 

30.00 

L1L2 

1.00 

140. 

318. 

151. 

609. 

3 

4 

30.00 

L2L3 

1.00 

160. 

318. 

151. 

629. 

4 

5 

30.00 

L3L4 

1.00 

160. 

318. 

151. 

629. 

1 

6 

42.43 

L0U1 

1.00 

-198. 

-449. 

-214. 

-861. 

6 

7 

31.62 
LIU  2 

1.00 

-158. 

-318. 

-152. 

-627. 

7 

8 

31.62 

U2U3 

1.00 

-158. 

-318. 

-152. 

-627. 

8 

5 

42.43 

U3L4 

1.00 

-226. 

-449. 

-214. 

-890. 

2 

6 

30.00 

LlUl 

1.00 

HANGER 

20. 

317. 

201. 

537. 

3 

7 

40.00 

L2U2 

1.00 

HANGER 

30. 

201. 

127. 

358. 

4 

8 

30.00 

L3U3 

1.00 

HANGER 

40. 

317. 

201. 

557. 

3 

6 

42.43 

U1L2 

1.00 

14. 

-159. 

-76. 

-221. 

A55 
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215. 

3  8 

42.43 

1.00 

-14. 

136. 

-159. 

65 

-76 

L2U3 

136. 

65 

REACTIONS 


POINT 

DEAD 

LIVE 

IMPACT 

TOTAL 

IX 

-0. 

0. 

0. 

0. 

IT 

150. 

443. 

211. 

804. 

5Y 

210. 

443. 

211. 

864. 

* 


A56 


F.vaninle  Problem  for  BRRTKR 


A57 


SAMPLE  TRUSS— 8  JOINTS.  13  BARS 

FOR  BRRTRR--RATING  OF  TRUSSES 

70  K 


4  @  30'  =  120  ’ 


CENTER-TO-CENTER  TRUSSES  =  19.5  ft 

SINGLE  TRACK 

DIESEL  IMPACT 

RIVETED  CONNECTIONS 

HANGERS  AT  L^^Uj^,  L2U2,  L^U^ 


A58 


/ 


INPUT  DATA  FILE 


*LIST  DATR4 

10  SAMPLE  RATING  PROBLEM  -  120  FT.  TRUSS  *  CASE  TASK  GROUP  BRIDGES 

20  120.  8  13  0  0  0  1  0 

30  1  2  0.  22.12  0.  1  0  L0L1  0 

40  2  3  0.  25.31  0.  0  0  L1L2  0 

50  3  4  0.  25.31  0.  0  0  L2L3  0 

55  4  5  0.  22.12  0.  0  0  L3L4  0 

60  1  6  50.12  0.  7.10  0  0  U0U1  0 

70  6  7  55.33  0.  7.20  0  0  UlU2  0 

80  7  6  55.33  0.  7.20  0  0  U2U3  0 

90  8  5  50.12  0.  7.10  0  0  U3U4  0 

100  260.  20.16  0.  0  1  LlUl  0 

110  3  7  22.15  18.27  8.20  0  0  L2U2  0 

120  480.  20.16  0.  0  1  L3U3  0 

130  3  6  24.32  20.16  8.50  0  0  U1L2  0 

140  3  8  24.32  20.16  8.50  0  0  U2L3  0 

150  1  0.  0. 

160  2  30.  0. 

170  3  60.  0. 

180  4  90.  0. 

190  5  120.  0. 

200  6  30.  30. 

210  7  60.  40. 

220  8  90.  30. 

230  3 
240  1  1 
250  1  2 
260  5  2 
270  8 

280  1  0  10. 

290  2  0  20. 

300  3  0  30. 

310  4  0  40. 

320  5  0  50. 

330  6  0  60. 

340  7  0  70. 

350  8  0  80. 

360  1  5 
370  30. 

380  0  1  1  1  19.5  0.  0.  0 
ready 
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*RUN  BRRTRR 

INPUT  DATA  FILE  NAME  IN  8  CHARACTERS  OR  LESS. 

ENTER  A  CARRIAGE  RETURN  IF  DATA  WILL  BE  ENTERED  FROM  A  KEYBOARD. 
-DATR4 


INPUT  A  FILE  NAME  FOR  OUTPUT  IN  8  CHARACTERS  OR  LESS. 

HIT  A  CARRIAGE  RETURN  IF  OUTPUT  IS  TO  BE  PRINTED  ON  TERMINAL. 


'OUTR4 


12/'06/79 


FILE 


0UTR4 


12:35 


PAGE  1 


1  ASSOCIATION  OF  AMERICAN  RAILROADS  TECHNICAL  CENTER 

CHICAGO. ILLINOIS 
REVISED  DEC. 1975 


SAMPLE  RATING  PROBLEM  -  120  FT.  TRUSS  -  CASE  TASK  GROUP  BRIDGES 


8 

JOINTS 

13  BARS 

SPAN 

120.000 

GROSS 

NET 

MEMBER 

AREA 

AREA 

RADGR 

MATL 

1 

2 

0 

22.12 

0. 

1 

LOLl 

2 

3 

0 

25.31 

0  . 

1 

L1L2 

3 

A 

0 

25.31 

0. 

1 

L2L3 

A 

5 

0 

22.12 

0. 

1 

L3LA 

1 

6 

50 

.  12 

0  . 

7.10 

1 

UOUl 

6 

7 

55 

.33 

0  . 

7.20 

1 

U1U2 

7 

8 

55 

.  33 

0. 

7.20 

1 

U2U3 

8 

5 

50 

.12 

0  . 

7.10 

1 

U3UA 

2 

6 

0 

20. 1.6 

0. 

1 

LlUl 

3 

7 

22 

.15 

18.27 

8.20 

1 

L2U2 

A 

8 

0 

20.16 

0. 

1 

CIU3 

3 

6 

2A 

.  32 

20.16 

8.50 

1 

U1L2 

3 

8 

2A 

.  32 

20.16 

8.50 

1 

U2L3 

JOINT 

COORDINATES 

1 

0. 

0. 

2 

30. 

000  0. 

3 

60  . 

000  0 . 

A 

90. 

000  0. 

5 

120. 

000  0 . 

6 

30. 

000  30. 

000 

7 

60. 

000  AO. 

000 

8 

90. 

000  30. 

000 

REACTIONS 

JOINT  DIRECTION 
1  X 

1  Y 

5  Y 
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FILE 


0UTR6 


12  5  55 


PAGE  2 


TRUSS  IS  STATICALLY  OETERHINATE 


DEAD  LOAD 
JOINT  LOAD 

1  10.000  V 

2  20.000  Y 

3  50.000  Y 

4  40.000  Y 

5  50.000  Y 

6  e.0 . 000  Y 

7  70.000  Y 

8  80.000  Y 


1 


1  ASSOCIATION  OF  AMERICAN  RAILROADS  TECHNICAL  CENTER 

CHICAGO. ILLINOIS 
REVISED  DEC. 1975 

SAMPLE  RATING  PROBLEM  -  120  FT.  TRUSS  -  CASE  TASK  GROUP  BRIDGES 


THROUGH  TRUSS 

SINGLE  TRACK 

STEAM  loading 

1967  AREA  SPECIFICATIONS 

C-C  TRUSSES  19.500 

RIVETED  CONNECTIONS 

FLOOR  BEAM  CONNECTIONS  BOLTED 

MATERIAL  1  OPEN-HEARTH 


CRITICAL 
MEMBER  AREA 

(SO  IN) 


LENGTH  L/R 
(FT) 


ALLOW  TOTAL 
STRESS  CAPACITY 
(KSI)  (KIPS) 


DEAD  LIVE 
fdrce  cap 
(KIPS)  (KIPS) 


1 


E80 

COOPER 

COOPER 

COOPER 

COOPER 

(KIPS) 

RATING 

RATING 

RATING 

RATING  MATL 

MEMBER 

(NO  IMP) 

(40  MPH) 

(30  MPH) 

(20  MPH) 

(10  MPH) 

22  . 

12  30. 

00 

24.00 

1  550.9 

140.0 

236.58 

89.5 

89.5 

89.5 

89.5  1 

LOLl 

2 


25.31  50.00 

236.58  107.0  107.0 


24.00  607.4 

107.0  107.0 


140.0  467.4 

L1L2 


3  4  25.31  30.00 


24.00  607.4 


160.0  447.4 
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12/06/79 

FILE  - 

-  0UTR4 

12!35 

PAGE 

236. 

.58 

102 

.4 

102 

.4 

102.4 

102.4 

1 

L2L3 

4 

5 

22. 

.12 

30. 

.00 

24. 

00 

530. 

,9 

160. 

.0 

370. 

.9 

236. 

.  58 

84 

.  9 

84 

.9 

84.9 

84.9 

1 

L3L4 

1 

6 

50. 

.12 

42. 

.43 

71  . 

,  71 

-18. 

29 

-916. 

.5 

-198. 

.0 

718. 

.5 

-334. 

.  58 

116 

.  3 

116 

.3 

116.3 

116.3 

1 

UOUl 

6 

7 

55. 

.  33 

31 . 

.62 

52. 

.70 

-19. 

07 

-1055. 

.4 

-158. 

.  1 

•897. 

.  3 

- 

-242. 

.26 

200 

.  6 

200 
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ALL  STEAM  RATINGS  ARE  FOR  FULL  IMPACT  47.71  PERCENT  HANGERS  SJ.33  PERCENT 

H  IN  LAST  COLUMN  INDICATES  HANGER 
BENDING  STRESSES  NOT  INCLUDED 

R  IN  LAST  COLUMN  INDICATES  RATINGS  ARE  FOR  MEMBERS  HAVING  STRESS 
REVERSAL.  ONE-HALF  OF  SMALLER  STRESS  ADDED  TO  LARGER  STRESS 

C  IN  LAST  COLUMN  INDICATES  COUNTER 
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In  accordance  with  letter  fron  DAEN-RDC,  DAEN-ASI  dated 
23  July  1977,  Subject:  Facsinile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a  facsinile  catalog 
card  in  Library  of  Congress  HARC  fomat  is  reproduced 
below. 


United  States.  Waterways  Experiment  Station,  Vicksburg, 

Miss. 

Evaluation  of  computer  programs  for  the  design/analysis 
of  highway  and  railway  bridges.  Vicksburg,  Miss.  :  U.  S. 
Waterways  Experiment  Station  ;  Springfield,  Va.  :  available 
from  National  Technical  Information  Service,  1980. 

17,  63  p.  :  ill.  ;  27  cm.  (Technical  report  -  U.  S.  Army 
Engineer  Waterways  Experiment  Station  ;  K-80-2) 

Prepared  for  Office,  Chief  of  Engineers,  U.  S.  Army, 
Washington,  D.  C. 

A  report  under  the  Computer-Aided  Structural  Engineering 
(CASE)  Project. 

I.  Bridge  design.  2.  Computer-Aided  Structural  Engineering 
Project.  3.  Computer  programs.  U.  Highway  bridges.  5.  Rail¬ 
road  bridges.  I.  United  States.  Army.  Corps  of  Engineers. 

II.  Series:  United  States.  Waterways  Experiment  Station, 
Vicksburg,  Miss.  Technical  report  ;  K-80-2. 

TA7.W3lt  no.  K-80-2 


